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Stable salt thereof, 
giotensin^onvertn**^^ 
^ anugonist,mtrosatedangioemsuiur^ a \ ydra iazine compound or a P*"" 0 ^^ j^ciency is a contributing f ac- 
3? vascular diseases. The anuoxidanus P™"* » n ?L vendng vascular diseases where nitric oxide^umcieny mtrosate d 
^ u^nuonalsoproridesme^ 

tor by administering a therapeutically effect^ *\ Mtr0 sated endotbehn antagonist, * to ^ cardiovascular 

beJadrenergic blocker, ^^^^ 

tagonist, nitrosated remn ^^f^^Sbod, of treating and/or P*« ^o^rbide mononitrate and/or 

diseases. The present inveunon ^ ^dant and at least one of isosorb^^^o^ 
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^OOSOPT^CVASCU^O^SHSCH^ZBOBV 

NITRIC OXIDE INSUFFICIENCY 
RELATED APPLICATIONS 

„ f ., j /*% tn u or oq 1999 and U. S. Provisional Application jno. w/ 
60/162,230 filed October 29, iw a nu u 

ffled,anUary31 ' 2000 ' FIELD OF THE INVENTION 

TK, presen, invention provides methods of treating and/or preventing 
lnepresemi r j a ;„c,,ffidencvbva(imirusteringa 

ntaosated endothelin antagonist, mtrosated angtotensinll P 
nitrosated renin inhibitor, and/or a, teas, one - ^ 

^a ^^l^^TEpJL 

opuonally, at leas, one antioxtdan, aod/or a- .east ne P^ ^ 

and/or preventing Raynaud s ^syndrome* ' ^ ^ md 

amount of at least one antioxidant or a pharmaceun y F 

s— < — ■ — — "— -~ 
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obiter, nitrosated beta-adrenergic Mocker. nitrosated calcium 

^nitrosated ^^ UNDOFTHEmvENXION 

The decline in ca,d,ovascular morb.d.ty and mortality in the United States 
. three decades has been «he result of significant advances » research on 

^al— ^sn.and.hecapenfics^Th^^ 
prevalence of myocardial infarction and deafh from myocardial ■nfarchon, as well as 
CLcereblvascdar accident, have deaeased significantly over mts penod 

expectancy and cardiovascular morbidity rate, have improved far less tebhd- 

ZTwhil Available data show that me likelihood of dying from 
Itareisfarsreateramongb.ackAmedcansthanamongwhi.eAmen^^ 

XOO.000 populafion, while that for white males was 244 p« WO ate^ 
, , ,m ner 100 000- while that for white females was 135 per 100,000. 

l " r prevale „ce of severe! of the important risk factors for cardiovascular 

Jdiova Jar events ate worse for blacks man whites. ~g myo^ 
Warcfion blacks have a 50% higher annual mortality rate than whites, and the. five 
" val is only 70%. Thus, the many advances in cardiovascular medtcme ma, 
ZL for the ovelall imp— in cardiovascular health in me general 
population have failed to. translate into comparable racia. benefits. 
" There is a need in the at, for new and more effecfive compos. uon . „d 
m ethods for treahng vascular diseases. The present invenfion ,s drected to these, as 

well as other, important ends. 

SUMMARY OF THE INVENTION 

Thepresentinvention provides methods for treating and/or preventing 
vascular d Ld^^^^^ iWn, ^ to, 



PCT/US00/29528 

WO 01/35961 

leonist nitrosated renin inhibitor, and/or a. leas, one compound used to treat 
Id— disease, The antioxidant is preferabiy a hydrazine compound, r 

lie oxide insufficiency include, for example, hyper.ena.on (e.g., low-reran 
^on,..— eh^ertensfon.ow-renin.aal— h^on; 

pregnly-mducedhy^tension;^^ 

disproportionate neovascularization, (i.e„ inadequate vasodanty) or drastohc 
ZZln The antioxidant and tire isosorbide dinitrate or lsoaorb.de — 

diseaL can be administered separa,e.y or as components of the same composition 

Zmer aspect o, the present invention provides methods for treating and/or 
preventing vascular diseases characterized by nitric oxide insufficiency by 

1^-P^»-«P— ^^^^ 
nitrosated angiotensin<onverting enzyme inhibitor, rutrosated beta-adrenergrc 

rtitrosated ang.oter.in II receptor antagonist and/or nitiosated 
optionally, a, leas, one antioxidant and/or at leas, one compounr Tuaed^a, 
cLiovascuiar diseases. The vascular diseases characterized by rutnc ox.de 
Efficiency include, for examp.e, hypertension (e.g., .ow-rerun hypertension; saK- 
h^ion; (ovv-renin. salt-sensitive hypertension; primary pulmonary 
hypertension; tiu.mboembobc pulmonary ^^'"^^ 
hlrtension; renovascu,ar hyper,ension), hear, failure (e.g., microvascular cardrac 
Uchemia),andlef,venWcularhypertiophywi*dlsproportiona.e 
^^vascularization. (f.e., inade q uate vascuiarity, or diastohc dysfuncb ^ The 
nitrosated compoundand optional antioxidant and/or compoun du^to^ 
cardiovascular diseases can be administered separate* or as components of 



PCTAJSOO/29528 



WO 01/35961 



10 



15 



20 



25 



30 



n— ----- ;- toI 

^e, Mocker, nifrosated endothelin antagonist, "-^^ „ 

or Uosorbide mononitrate, and mtrosated compound can 

„ r as components ot the same composition. dttansderma l 

patches comprising a therapeutically effect.™ amount o 
Lstoneofisosorufdedmi.afeand^r^ — fe ^> , 

"^T^^X^endomefman^ 
blocker, nitrosated caktum channel blocker, ^ 
ui.rosa.ed angiotensin II receptor antagonist and/ornrfrosatedre 

mixtures thereof. described in more detail 

These and other aspects of me present mvenhon are descnbeu 

hOTin ' BRIEF DESCRIPTION OF THE FIGURES 

. • , K ,n. insufficiencv is associated with mcteased 
Kg . ! shows mat r»mc oxtde (NO) msuf hc* n y ^ 

calcium in conjuncuon w.th reduced NO lead, to SmulaHng 
smooth muscle cells and cacdiomyocy.es .o .h • tone , eft 

properties of catecholamines and angiotensin II. Increased vase 

:rrr:rs— J— ehyp— ; 

S:;— .ftventrlculathypertrophyanddiastolicdysfunchomand 
patients with a clinical history of hypertension (BP>140/90) g 
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endotbeUunvderfved NO action is impaired in the forearm microvessels of ,he Ma* 

patients compared to the white patients. nitron russide (Fig. 3A) 

Figs 3A and 3B show forearm blood flow responses to mtropruss.de ( g 
and memacholine (Fig. 3B)tha, were assessed by venous ocduston 

pauen. wh^th ^ ^ ^ 

ftgs. 4A * for ^ responses 

function. By repeated measures ANOV A, there black 
te m e<hachollne (Fig. 4A) and sodium nlh-opruss.de (F.g. 4B) » sal. sens 

PaSentS DETAILED DESCRIPTION OF THE INVENTION 

As used throughout me disclosure, the fotlowing terms, unless ofherw.se 
indicated shall be understood to have the following meamngs. 

Pahen." refers to animals, preferab.y mammals, most preferably humans, 

and/orcomposittonthatiseffechvetoachieveteintendedpurpose. 

-Tralderma." refers to the delivery of a compound by passage through the 

skin and into the blood stream. 

-Transmucosar refers to delivery of a compound by passage of the 

cornpourtd through the mucosa, tissue and into the ^ ^ 

-Penetration enhancement" or "permeation enhancement refers o an 
in the pLabimy of me sRin or mucosal tissue .0 a selected pharmacolog.ca.ly 
^ e compound!* mat me rate at which the compound permeates through me 

""""Hydralazine compound" refers to a compound having the formula: 
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ir.dude budralarine, cadralazine, dihydralazine, endralaane, hydralazine, 

pildralazine, todralazine, and the like. ^ 
"Antioxidant" refers to a compound that can react a 4 

W refers to a lower alkyl group, a haloalkyl group, a hydroxyalkyl 
^p.anlenylgroup.analkynylgroup.abddgedcyc.oalkylg.oup.acycloalky, 

group or a heterocyclic ring, as denned herein. 

"Lower alkyl" refers .0 branched or straight chain acychc alkyl group 
conJng one to about ten carbon atotns (preferably one ,0 abou, eight car on 

groups indude tnefhy., ethy., n-propyl, isopropyl, n-buty rsobutyl, sec-bu«y., 

a bridged cydoalky. group, a cyc.oa.kyl group or a heterocyclic ring, as dehned 
hln ,0 which is appended one or nrore ha.oge„s, as denned heretn Exenrptar 
« groups indude trffluorotnethyl, ch,oromethy., 2-brotnobuM, l-bromo-2- 

(p « a Q-C. hydrocarbon, more preferably a Q-C, hydrocarbon whtch car, 
Jdepropyfeny.bufen-^i^ 

rnethylbuten-Lyl, hexan-X-y.. hapten^., and * ^ 

» Alkvnyl" refers to an unsaturated acyclic Q-C„ hydrocarDon v P 

0 more carb^-carbontr^^^ 

propynyl, butyn-l-yl, butyn-2-yl, pentyH-yl, penty.-2-yl, 3-tnethy.butyn yl, y 
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1 vl hexvl-2-yl hexyl-3-yl. 3,3-dime.hyl-butyn-l-yl, and the like. 

Brid R d cydoafcyV refers «o two or more cydoalkyl group, heterocyd, 

Tdllky! groups can be unsubsdtuted or subsbtuted wi* one, «. or thxee 
aoleydolS^octane, 7-oxabycydo[2.2,]hep,y>, S-azab.cycloPAHoct 2-eny!, 



and the like. 



•■Cydoalkyl" refers to a sa.ura.ed or unsan.ra.ed cydic hydrocarbon 
uprising from about 3 » abou. 8 carbon atoms. Cydoa.ky. groups can be 
3LL or subsdtu.ed wi* one, .wo or .nree subsdhrems independendy 

cvdohexyl,cydohexenyl,cyclohep.a,l,3-dienyl, and the luce, 
hydrocarbon group. Heterocyclic gro p 

one, two or three substituents independently selected from alkyl, alkoxy 
ester sulfonamide and niho. Exemplary heterocyclic groups 

;:iyi^^ 

Loly. pyrimidinyl, pyndazinyl, oxa.o.yl, «, tnudazo yl ^ 
Mophenyl, furanyl, tertydrofuranyl, tetrazolyl, 2-pyrrohny., 3-pyrroliny.. 
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pytro .indinyl, oxazoUndinyl l^oxoianyl 

Tazoliny. pyrazolidinyl isoxazolyl, iso.hiazo.yl, 1,2,3-oxad.azo.y , 1,2,3-mazoly , 

H-dithianvl, thiomorpholinyl. pyrazinyl, pip-zinyl. 1,35-—, l^mttaanyl 
benzo(b)thiophanyl,benzimida 2 olyl,quinolinyl, and the like. 

L refers ,0 a monocydic, bicydic, carbocydic or heterocychc nng system 
comprising one or two aromatic rings. Exemplary aryl groups include phenyl, 
ly n pmyl, quinoy., tetrahydronaphmyl, furanyl. indanyl, indenyUndoyl, and 
Zl A^^oupsondudmgbicyucary.g.oup^ca.b.unsubsurutedor 

Itoted wi* one, two or three subsdtuenfs independently se.ec.ed from aUcyl, 
"nuno, aUcylamino. diaUcyUmino. arylanuno, diarylamino aUrylary anuno 
— carboxyi carboxylic ester, alkylcarboxyhc acid, allrylcarboxyUc ester, ^1, 

SL« *1, "J*"*"** «*« alkylCalb0ny1 ' arylCalb ° ny u d 

and nhro. Exemplary subsututed ary. groups indude 
pentafluorophenyl, suJfonamide, alkybulfonyl, arylaulfonyl, and the hke. 
"Hydroxy" refers to -OH. 

-Hydroxyalky." refers to a hydroxy group, as denned herein, appended to an 
Arylcarbony!" refers to R^-CP)-, wherein R55 - an aryl group, as deflned 
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herein, 
herein. 



W refers ,0 ^(0)0 wherein R51 is a hydrogen atom, an alkyl group, an 
aryl group, an alky.aryl group, or an arylheterocyclic ring, as defined herem. 

-lylary. refers to an alky! group, as defined herein, .0 whrch * appended 
an aryl group, as defined herein. Exemplary aKylaryl groups indude benzyl, 
^en leWroxybenzyUuo.b^ 

"Arvlheterocydic ring" refers ,0 a bi- or fncyclic nng compnsed of an aryl 
ting , as died herein, appended via fwo accent carbon atom, of the aryl nng to a 
heLcydic ring, as defined herein. Exemplary arylheterocydic nngs mdude 
dihydroindole, l,2A4-teua-hydroquinoline, and the hke. 
"Hydrazino" refers to H,N-N(H)-. 
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"Compound used to treat cardiovascular diseases" refer, to any therapeutic 
compound, or a pharmaceutical!, acceptable salt thereof, used «o neat any 
cardiovascular disease. Suitable compounds include, but are no, 
^.ensln-converting enzyme <ACE) inhibitors (such as, for example, a^A 
benazepril, captopril, ceranapril, cilazapr... delapril, duinapnl, enalaprd, enalapniat, 
fosmopril, imidapnl, Usinopnl, moveldpnl, pentoprU, permdopnl, qumaprd 
r amipL rentipri., spiraprti, .emocaprn, trandolapril, zofenopril and the , bW, beta- 
adrenergic blockers (such as, for example, amosulalol, atenolol, betaxolol, 
bettranldine.bevan.oloi.b^ 

butafi.o.01, carazolol. carteo.ol, carvedilol, celiprolol, cetamolol dtlevalol. epWol, 
indenolol, meplndo.o.. metipranolol, me.opro.ol, moproW. nadolol, nebrvolol. 
nipradilol, penbutolol, pindolol, pronethalol, propranolol, sotalo 1, sulhnalol, 
JLolo., tertato.ol, tihsolol. timolol, toUprolol, and me tike); cholesterol reduce 

lovastatin(MEVACOR®),simvastatm(ZOCOR®),pravastauntt 
fluvastatin, cerivastaon (BAYCOL®), atorvastadn (LIPITOE®), and the hke; 
sequestrants, including, bu. no. limned .0, cholestyramine, «*~t* 
slylantinoalky. derivatives of cross-linked dextian, and tire hke;mh, W» <* 
choles.erolabsorption,mduding,bu,no.limi.ed to, beta-si.os.erol. acyl CoA- 
cho.ers.ero. acyltransferase inhibitors, metinamide, and tire like); caiaum channel 
blockers (such as, for example, amlodipine, aranidipine, barnid^ine, benrdrpme 
oWdipine, clentiazem, diltiazen, efonidipine, fantofarone, felodrpme, tsradrptne, 
lacidipine, lercanidipine, manidipine, mibefradil, nicardipine, nifed.pme 
nnvadiptae^ldipine,™^ 

angiotensin .. receptor antagonist (such as. for examp.e, dclosidonune, ep osartan, 
furosemide, irbesartan, losartan, saralasin, valsartan, and tire like); endothetin 
Igonisrs (such as, for examp.e, bosentan, su.fonam.de endo.helin antagon**, 
BQ-123 SQ 28608, and tire like); renin inhibitors (such as, for example, enalkrem, RO 
42-5892, A 65317, CP 80794, ES 1005, ES 8891, SQ 34017, and tire like); and nuxtirres 

^ "Cardiovascular diseases" refers to any cardiovascular disease, including but 
no. limited to, congestive hear, failure, hypertension, pulmonary hype— . 
myocardial and cerebral infarctions, atherosclerosis, atherogenesis, thrombose. 
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ischemic hear, disease, posbangioplasty restenosis, coronary artery diseases, renal 
Mure, stable, unstable and variant (Prinzmetal) angina, cardiac edema, renal 
insufficiency, nephrotic edema, hepatic edema, stroke, and the hke. 

Two broad classes of cardiovascular disorders are more prevalent among 
blacks lhan whites and serve as areas in need of investigative efforts. Hypertension 
and left ventricular hypertrophy, two related ye, independent risk factors for 
coronary heart disease, are significantly more prevalent among blacks to * 
Blacks also have higher rates of angiography normal coronary artenes desp.to a 
higher prevalence of risk factors for coronary atherosclerosis, and greater tnorbrdtry 
andmorudityfromcoronaryheartdiseasethanwhites. These paradoxical 
observahons have led some investigators to postulate that blacks harbor a diathesis 
„, the microvascular that limits perfusion and serves as a stimulus for vascular 
smooth muscle cell and cardiomyocyte hypermaphy, which, in htm, eads to 
hypertension and left venbicular hypertrophy, respectively. The underlymg basts 
for this vascular diathesis may involve the endothelium, which has a hmifed 
capacity to generate vasodilator and antiproliferative factors or an increased capaa* 
^produce vasoconstrictor and proliferative factors; the vascmar smooth muscle ceU, 
which manifests increased sensitivity to vasoconstrictor and proliferate factors; or 

both, in these individuals. 

The present inventors have discovered that a major product of the normal 
b,ood vessel tha, may play a role in the vascular diathesis o, blades is endou^um- 
derived nitric oxide (NO). Nitric oxide produced by the endothelial cells induces 
vascular smooth muscle cel. relaxation, contributing importandy to resting vascular 
,one in addition. NO inhibits vascular smooth muscle cell proliferation and induces 
apoptosis in smooth muscle cells, which leads to toe release of basic fibroblast 
gmwth factor and vascular endothelial cell grow* factor, in turn supporting 
endothelial cell proliferation. This sequence of cellular responses is believed to 
sustain angiogenesis under hypoxic or ischemic condihons. 

The role of NO in the vascular diathesis of blacks is illustrated by the 
consequences of NO insufficiency in the normal responses of the vasculature to NO. 
Nitric oxide insufficiency suppresses renin release from the juxtaglomerular cells, 
and induces a sodium chloride/volume sensitive increase in blood pressure. 
Furthermore, NO insufficiency leads to an Increased sensitivity of vascular smooth 

10 
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mus de celU ,o vasoconstridors, such as ^ » and calamines, which 
amplify the increase in vascular resistance. 

amplify^ ^ ^ ^ ^ proUf ahon 

lowing vascular injury, and sustains smooth musde cel. and cardiomyocyte 
h^opnv m response to catecholamines and angiotensin II. Furthermore, 
inadequate NO leads to increased production o. extracellular matrtx wtth 

^riar-^^---^r: N r" 

vascuiature have dear clinical correlates in the b!adc population. The drrucal 

oardiovaLlar disorders is one of sal.-sensihve, .o«-renin hyper.ens.on, left 
Ltricular hypertrophy dispropordonate to afterload and with an madequ, 
angiogenic response; and nonvascular ischemia in the absence of srgnrhcant 

L effects are increased periphera. vascular resistance wtth accom 

hypertension; and an inadequately vascularized, fibrohc mcrease m ™^ 
n^swimaccompanymgdias.olicdysfuncdonandtniaovascular.chenua. 

Given J dndcal observadons and fhe role fhaf NO plays in prevendng 
their development, fhe present inventors have unexpectedly discovered that he 

entricular hypertrophy, and hear, failure) result from a -P-* ™£ ^ 
that is a dired consequence of nitric oxide insufficiency. An oudtne of the 
Oogenic consequences of NO insufficiency ma, serve as ffie basrs for these 
cardiovascular disorders is shown in Kg. 1. 

NO insuffidency states can be a consequence of reduced synthests o NO, 
chanced inacdvahon of NO, or bom. Possible candidate 
aheradons in me genes tha, code for endothelia, NO synthase or the mductble 

norma.geneproduc.orappropria.eexpressionofale^acdvegeneproduc,, 
Zdon in L enzymadc acdvity of NO synthase owing to inadequate cofactor 
concentrations; or enhanced inacdvadon of NO by oxidant stress. 

Data obtained by the inventors in cultured cells, animal models and human 
paden^uggestmatincreasedoxidan.s.essiscentra! tothe vascular drathestso, 

11 
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Possible can decr eased antioxidant defenses, or both. The 

of reactive oxygen speaes (ROS), decreased relaH onship 

- ^"""^^l—^oxfdan.stressn.y 

^ led. P^Idatasu^dtatenf^cedROSp^ucdona^^ 

hypertension, atherosdemsi, —is, and diabetes melhfus -d 
Tp^ars Jlh case, a, fhe very feast, to be importan, in the progress of 
estabUshed disease, if notinits actual first desclib ed by Furchgott et 

n<™rro et al Circ Res, 61:866-879 (1987); Palmer et al, Nature, 327.524-5* 1 

OHA family of enzymes, two of which are found in dre vasculature endofh hal 
S and inducible NOS (iNOS). eNOS is synmesizedby endofheua, «Us, 
NOS(eNU»)ana including vascular smooth 

while iNOS is synthesized by a vanety of ceU types, mdu g 
muS de cell, fibroblast and (principally microvascular, endoth U x*. (Ba g 
e, al Am 1 PtosW 268:H1293-1303 (1995)). These enzymes produce NO as a result 

^Imodulin, O, FAD, FMN, tebahydrobiopterin thiol, heme, and NADPH. 
(Moncadaetal,NEn ? l/ Med, 329:2002-2012 (1993)). 

( The role of NO in the cardiovascular system has become ™* 
Zsi> Nitric oxide conuibu.es importantly to resting tone m conductance as we» 
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part by increased calcium sensitivity (Bank et al, Hypertension, 24:322-328 (1994) ) 
Nitric ox.de release from the cardiovascular regulatory center in the brain may also 
be involved in the central regulation of blood pressure, suggesting a role for 
neuronal NOS in the regulation of vascular tone (Cabrera et al, Biochem Biophys Res 
Comm 206:77-81 (1995); Mattson et al, Hypertension, 28:297-303 (1996)). 

Nitric oxide activates renin gene expression in the kidney, and is involved m 
the baroreceptor-mediated regulation of renin gene expression (Schricker et al, Pflug 
Arch 428:261-268 (1994)). The dependence of blood pressure on salt intake appears 
to depend on NO, and NO deficiency states are associated with salt-sensihvity 
(Tolins et al, Kidney Intemat, 46:230-236 (1994)). Selective inhibition of iNOS m Dahl 
R rats has been shown to lead to salt-sensitivity and to the development of salt- 
dependent hypertension similar to Dahl S rats (Rudd et al, Am J Physiol, 277: H732- 
H739 (1999)). In addition, mice deficient in iNOS (iNOS gene eliminated by targeted 
disruption) may develop hypertension in response to salt feeding (Rudd et al, 

Grc«tai<m,98:lA(1998)). 

Nitric oxide also affects myocardial contractility, and does so both by 
mediating muscarinic-cholinergic slowing of the heart rate and the contractile 
response to beta-adrenergic stimulation (Balligand et al, Proc Nat I Acad Sci USA, 
90:347-351 (1993)). This latter effect appears to be mediated in vivo through the 
vagus nerve (Hare et al, J Clin Invest, 95:360-366 (1995)). 

In both vascular smooth muscle cells and cardiomyocytes, NO inhibits 
cellular proliferation and limits the proliferative response to growth-promoting 
S ubstances(Gargetal,/C/m 83:1774-1777 (1986)). Left ventricular 

hypertrophy tends to occur in adult hearts with inadequate capillary proliferation, 
and this may account for the microvascular ischemia noted in patients with 
hypertrophy. Capillary proliferation is generally held to be a rare event in normal 
adult mammalian hearts. However, recent data from a hypertensive rat model in 
which left ventricular hypertrophy commonly occurs, show that treatment with a 
low-dose of an angiotensin-converting enzyme inhibitor insufficient to prevent 
hypertension and left ventricular hypertrophy can, nonetheless, evoke capdlary 
angiogenesis. Compared with untreated controls, treatment with the angiotensin 
converting enzyme inhibitor increased. myocardial capillary proliferation (Unger et 

13 
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o, mhibiting *« ***** and potentiating *e ™£££Z*J* 
increases myocardial blood flow by inducing release of NO from micro 
^Lls.andmaea^b.oodflowisapowerfldsflmu.usforcapU.ary 

proliferation (Mall e« al, Bas Res (MM. 85:531-540 (1990,). 

Nornra^etabolicprocessesinvascularceUsareassoaatdwAflre - 

oxidative damage and cellular dysfunctton. In the setting 01 

oxidative uamag ri «k factors for atherothrombohc disease, 

disorders or in the presence of common risk factors for 

reactive oxygen species (BOS) are generated in abundance, and their rate of 

Lranisms. Hypercholesterolemia, hyperglycemia (Keaney e« al, Cretan 

and lipid peroxides all increase m these settings. Wnatrem 

lit tbeLease in ROS in these disorder is a primary even,, a secondary 

consequence of the underlying process, or both. 

Endogenous antioxidants imports for me neutralization : (t.e„ reductton, of 
ROS can be categorized into two groups: smaU-molecule anttoxidants and 
anttoxidan, enzymes. Tne former group comprises molecules such as GSH, 
NADPH, a-t„co7berol, vitamin C, and ubiouinol-10; whfle me latter group 

dJL*. in several of these molecular species have been shown «^ 

mcreased sfeady-state levels of ROS and vascular dystonia — ^ 

pl a t e,e,acflvabo n, arterial t.ombo^ 

(1996); Freedman e, al, Circulatwn, 98.1481-1486 (1*«)) ^ 

platelet-derived NO (Kene, et al. A** 7W V-e M. MM- 2 ° 17 ^3' 

which is important for limiting expansion of a platelet thrombus (Freedman al, 

Circlte, 84:1416-142 (1999)). associated with several 

ROS generation accompanies the vascular dysfunctton 

cysteinemic mice (i.e, cystathionine Synthase knock-out mice) (Eberhardt 
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Wfc 98:144 0998,), ceUular glutathione peroxidase-dehcien, mice (U., ceUular 
lathione peroxidase knock-ou, mice,, and salt-indued hyper.ens.ve rats (r.e 
SSTdJs rats) (TroUie. et al, C— . 98:1-725 (1998), ail manifest abased 

Unproved by improving andoxidan, status with a cysteine precursor (V * et al, / 
ZL* 101:1408-1414,1998)). In admbon, a-tocopheroUeads to platelet 
%Z Freedman et al, , 94:2434-2440 (1996)) as one mechamsm of its 

rats) leads to an approximate 5-fo.d increase in plasma F.-tsoprostones <8-ept 
priglandm FJ, and this increase precedes the development o 1 Bond 
'hypertension. These da, aU support the role of oxidan, stress m 

me chanisms in prevendng this pathobiology, pardcularly with regard .0 Afrrcan 

"upper, of the mechanisms illustrafed above, minimum forearm vaacuUr 

r x • s 7R1 7Rfi (\992)) and forearm blood-flow responses to 
al Am I Hypertension, 5:781-/»<Mi y ^' dIlu 1U . , 

g -vasodilator response in these individuals (Lang et al, N Engl J Med 333.155 160 

/T/ - of a i Am F Hypertension, 6:815-823 iiw)/ ^ liaiu 
IpvpI of blood pressure (Koren et ai, /im / nypc 

Lt Si M «l 24:1499-1505 (1994,). Whi.e not quanhtated in any necropsy 
study, tius response is likely to be accompanied by inadequate ^capfflary 

to have low levels of urinary kallikrein (Zinner et al, Am J Epidemiol, ^f^^ 
,1976)- Levy e. al, / Cin Invest, 60:129-138 (1977)), the enzyme response for the 
^7 oib rl^^^o^-^^^ Thus, were a 

in the coronary vasculature, attenuated Hood flow responses may nsul, the, would 
H capdlary angiogenic respo M es and prevent the endomelia. proUferabve effects 
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vascular diathesis that may serve as i utricular dysfunction 

synd romes. For example, differences in the outcome of ief. ventno* t J 
an r* nf the enhanced (perhaps salt-dependent) increase 

m . ™>609-616 (1999)). In addition, these observations and their chruc* 
Med, 340.609 616 (19 » ^ mtnc 

and/or preventing vascular drseases oharactenzed y ^ ^ 

by admimstenngatnerapeutlcauy effective ^'^T^^^ 
oharmaceutically acceptable salt thereof, and at least one of tsosorb.de 

convertinger.ymeuutibttor.nitiosatedbeta-adrene^^ 

cKannel blower, nitiosated endotheUn ^~^ d used t0 tte a, 
antagonist, nitrosated renin inhibitor, and/or at least one comp 

antioxidantandisosorbidedirtirra^orthepatientcanbeadnun^d^i 
antioxidantandisosorbidemonom^ormepatienr^a^^^ 

fa Uure ,e.g., microvascular -^"^ vascularity) or diastolic 
disproportionate microvasculanzanon, (i.e., tnaoequ 

dysfunction. 
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Another aspect of .he present invention provides methods for treating and/or 
preventing vascular diseases characterized by nitric oxide insufficiency by 

nitrosated angio.enain-conver.ing enzyme inhibitor, n,.rosa.ed beta-adrenengtc 

nitrosated angiotensin H receptor antagonist and/or nitrosa,ed rerun mh* , and, 
optionaUy, a. L, one antioxidant and/or a. lea S « one compound used to treat 

cardiovascular diseases. . 

Tne present invention also provides methods of preventing and ,r atm 
Raynaud's syndrome by administering a therapeutical., effective amount of a, least 

isosorbide dinitiate and isosorbide mononitrate, and, opttonahy, . least one 
Z Ld angiolensin-converting enzyme inhibitor, nitrosaled ca,,um change, 

ITer. ni.rosa.ed endothelin antagonist, nitrosated -Sio-inn recep^r 
antagonist and/or nitrosated renin inhibitor. Por example tire paben, can e 
admLered an antioxidant **nd isosorbide dinitra^, or 
administered an antioxidant and isosorbide mononitiate, or he patient ^ n be 
administered an antioxidant, isosorbide dinitiate and isosotb.de — ^ ^ 
antioxidant and isosorbide dini«a.e or isosorbide monomtrate can be ad— 
separably or as components of .he same composition. Raynaud s syndrome . a 

Anomer aspect of tire present invention provides novel transom >^ 

one of isosorbide dinitiate and isosorbide mononitrate and/or ..tat o 
angiotensin-converting enzyme inhibitor, nitrosated beto-adrenerg. cHo^ 
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o tarotene ubiquinone, ubiquinol-10. tocopherols, coenzyme Q, and 
acetyl-cysteine, p-carotene, ubiq superoxide 
te like. Suitable antioxidant ^.f*^^^ ^oxidanta are 
dismutase, catalaae, glutathione peroxtdase, and the Itke. Sur 

^rr^^r^^-^andPar 

« niLATRATE®-SR (Schwarz Pharma, Milwaukee, Wl), ISORDIL® ana 
SSS^U--— ' es^.HdU^PA.and 

t rade^^(A.B. A 3 tt a,Swede,, ;M 0™«^ 
MUwaukee.^and.SMC^CWye.h.Ay.cs.conrpanyW^ 
Th, nitrosated angiotenam-converting enzyme tnhibttors, rutros 

anzyme^rs.be^adzenerpcb.od^^ ^ (havebeen 
antagoniats, angiotensin II receplor antagonrsts ar*T rerun ^ 

present invention can be prepared using rnrTmnund s are described in 

Org. Prep. ProcM., 15(3)165 wo98 / 2 1193 discloses 

-rporatedbyrelerencehereinm^en^WO^ ^ 

nitrosated ACE inhibitors and nitrosated beta adrenergi 
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bv reference herein in its entirety. WO 99/0036! discloses 
which is incorporated by reference incorTO rated by reference 

nitrate safts of ACE inhibitors, the disclosure of whtch ts tncorpora, 

herein in its entirety. ; n rl«de but are not 

Suitable angiorensin-converung enzyme ^ 
ltaiK d ,o, alacepril, benazepril, captopril ceranapn ^ 
enalapnl enalaprila,, foafnopri,, unidapn.. ™ ^ tloiapril. 
perindoprU, quinapril ramiprU, renupril, ^P~^ ^ Me 
Lenopr.1, and the hke. Suitable ^"c^^^ The 
Scribed more fully in the literature. ^£££Lim. 1995; and me 
Pharmacological Basis of Therapeuttcs (9th Edthon) Mc 
MercklndexonCD-ROM,TwelfmEdi«ion.Vers 1 onl2.1,1996,and 

bunino.ol.bupranoloi.butanlo.ol^^^ 

such as in Goodman and Oilman, The nam. 6 

Bdiuon), McGraw-Hill. 1995; and me Mere, Index on CD W 

Version 12:1. 1996; and on SIN Express, file phar and ^^ ^^ 

ararudipine, bamidipine, benidipine, ctlmdtpme, d " manidipine, mibefradil, 
fcnmfarone, felodipine, isradipine, lacidipine lercamdt ^ — ^ 
nicardipine, mfedipme, nUvadipine, nisoldfpme, — more My 
verapamil, and me Ite Suitable ^^^^Igical Basia of 

rnerap^th" 

Twelfm Edition, Version 12.1, 1996, and on p bose „tan, 

Suitable endomelin antagonist include, bu, are " ot 

. . c ro 123 SO 28608, and the like. SuitaDie 

endothelin antagonists are desenbed more fully m 



PCTAJS00/29528 

WO 01/35961 

A rilman The Pharmacological Basis of Therapeutics (9th Edition), 
Goodman and Gilman, The I narm Edition> Version 

McGraw-Hill, 1995; and the Merck Index on CD-ROM, Twelfth 
12:U996;andonSTNExpress, file phar and me registry 

Suitable angiotensin II receptor antagonists, mclude, but are not 1 

Twelfth Edition, Version 12:1, 1996; and on STN Express, tuep 

Suitabfe rerun inhibitors, inciude, bu, are no, limited to, enalkrem RO 4* 
M92 A 31 CP 807,4, ES 1005, ES 8891, SQ 34017, and the ** Suable reran 

r^rrrrr^Elon.Vers.onl.l.^ar.on 
Ipouna.a.d/or^dused.otreatcardiova^^-^ 

leases characterised by NO insufficiency or Raynaud s syndr - * ^ 
preferably administered to the patient a, about the same tune. ^ ^ 

rtv,, within about thirty minutes of administering one compound (e.g., 
*" "teens ma. wrfhm aboutto V ^ ^ ^ ^ ^ 

— " 01 ,SOS ° rblde b tXr te or isosorbide mononitrate or antioxidant) 

characterized by NO insufficiency, the patients can recerve d.gttahs such g 
^u^and/oratfaastotKm— 

nitiosated beta-adrenergic bfoCer, nl.rosa.ed cafcium channef bfodcer. 
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The digoxm is preteraoiy <• nanograms 
serumconcentrahonof^^^ 

per ml. The diuretic is administered, preferably orally, to -anage ed 

• i Hp but are not limited to, thiazides (such as, for example, 
diuretics include, but are not iirru fiirnsern ide spironalactone, 

^thiazide hydrochlorothiazide); ethacrynic aad, furoserrude, sp 

The compounds and compositions of the invention 
7„ d effective delivery system including, but not limited to, orally, 
any available and effecnvedebverysy g transdermal^), or 

bucally, parenteraUy. by inhalahon spray, topically (mclu g 
rKt allvindc,ageuni,formma«onscon t ainin g convennonalnon t oxic 

«eu«cX accept carriers, adjuvants, and vehides as desired. The 
^"miof — don are by ora. adtnirustradon or .optca) 

•^SEZZZl .volvemeuseof—Ud— - 
suchJuLderma.pa.chesorion.ophoresisdevices.D^^^ 

) They can be mixed to form ointments with, for example, y 
bandaging material, e.g., gauze, canoe imp g 
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T lITpa r 4 transdermal patches of the present invendon can 

l«t reservoir patch, matrix or monolithic-type laminated suture, and are 
^^^o.oneorntore^layers.a^p^at.o^ 

comprise a polymeric-matrix formmg — tn able 

sri-sr :-— — 

^ dosage forms for oral admin— can include capsules, sustained- 
, ^es Llets chewable tablets, sublingual taUets, enerve*en. tablets, 
rX^-^-chaoUddosagefocn.^—un. 

case of capsules, .ablets, effervescent table., and pills, .he dosage forms -n also 

JL of me acdve compound or composition and vegetable od. H^d ^hn 
capsules can contain granules of me acuve compound in w * ^' 

com starch, amylopecnn, or cellulose derivahves of gelatin. Tablets an p 

accept— ^ons.suapenalona.sycupa.ande.ixfcsco.^ngme, 
^commonly used in me act, such as water. Such composiuons can also 
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. ■ -** exdpient such "r r 1 

be prepared by mixing me ui 6 fOTT1 „ P rature but liquid at 

JLr and po.ye.hy.ene g.yc 0l s which are sohd a, »» ^ 
rectel mature, such *a« they wffl melt in the rectum 

W— injecflon, or infusion technacp P 
tor exampfe, s,eri,e friable aoueous or ofcagtnous «*«^ and/or 
according to the Known art using suitable drspersmg 

spending agents. The sterUe in.ctabfe P"l«™^ M J* ta 
so.udono.susper^oninanon^cpa^ya-^ d 

^.tr—r— yusedasasofven.orsuspenddrg 
^ecornpoundsandcompositionsoftheinventionwiUtypicaUybe 
adrn^U— ^ 

waxes, petroleum jelly, polyethylene glycols, propylene & ' 
sa ll soludons,a.coholve g eUbleo U s,g d anr K >c«^.amy^™^ 

ak, surfactants, silicic acids, viscous paraffins, perfume o s, fatty 

monogjycerides and dfgfycerides, petrosal utical 

preparations can be stenW and f M for influendng 

lubricants, preservattves, stabrluers, werhng agents, em 
osmoflcpressure.buffers.colorings, flavorings and/or — ^ 

appUcadon, the composidons can aUo mdude^ (DMF), 
—* "^r^e^^fOOMSO.po.yemy.ene 
^TtT^^on—, lecdhin, Lsubsbtuted 
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v a 70NE from Nelson Research & Development Co., Irvine 

CA), alcohols and the like. p rr suspensions, 

consist of solutions, preferably oily or aqueous soluOons we P 

•■slants Aoueous suspensions can contain substances wlucft 

^ Z M "Lw 1 sulpension and include, for example, sodium 
increase the viscosity ot tne suspe . suspension can 

contain stabilizer, The compositions, f desired, can also contatn 
«e* g a^,emm^n g a^and/o tP Hbu«erm = 

and the like. The required dosage can be administered g 

sustained release form. . , ranees f or 

While individual needs may vary, defenmnabon °< °P«^ of the art 
enecuve amounts of the compounds and/or compositons ° 

GoodmanandGUman,supra;ThePhys.aansu me, St. Louis, 

compounds and composihons. whtch » ■ be ad^ y 

art, will vary depending on the age, health, physical 

extent of the dysfunction of the recipient, frequency of treatment and *e 

:" o I disfunction or disease, medicaf condiHon of the patient, o, 

^anolpharm^^ 

pHarmacokinetic and toxicology profiles of the as part o, 

drug dehvery system is used, and whether the compound ts adnunistered p 
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1 such as (or example, formic, acetic, propionic, succimc, glycohc, 
n ' Lc, benzoic, anrhraniuc. mesylic, salicyUc, p-hydroxybenzo,c, 

stearic, algemc, p-hydroxybutyric, y .stable base addition 

• ^ „^ fhP like Suitable pharmaceutically-acceptable Dase aau 

«um, magnesium, potassium, sodium and zinc or organ* sahs made 
primary, secondary and ternary amines, cydic ammes N,N - 
dibenzylethyienediamme, chloroprocaine, choline, drethanolanune^ 
ettrylenediamine, me gl umine (N-methy.glucamme) and procame and the hke. A. 

compound by reacting, for example, the approbate aad or base wrfh the 

^Tpreferceden^odimen^^ 

r^-rfav and the isosorbide mononitrate is administered man 

per day, ana me i=u amounts of 

milligrams per day to about 120 milligrams per day. The preterrea 

the day or in a sustained-release formulation. 

The present invention also provide, pharmaceuhca. Kits compnsrng one r 
^conl-^dwimoneormoreofmem^of^phaan.^ 

compounds and/or composidona (e.g., diuretics, digoxin, rutrosaKd com unds, 
compounds used to near cardiovascuUr diseases and the like), a dev.cefs) for 
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ap rova, by .he agency of manure , us, or sale for human ad—on. 

EXAMFI.ES 

The following examples are for purposes of illustration only, and are no. 
intended to limit the scope of me specification or claims. 

^described herein, NO deficiency is a central pa.hophysiologic mechanism 
va^famrreapo^mmtra^Unmsionaofmemacholme^um 

ni.ropruss.de, and verapamil were examined usrng venonsoc ctaon 
piethvsmography in 36 white and blade hyper.ens.ve pahents. These pahen. 
„„ other coronary factors, such as smoking, diabe.es melhlus, or 

bLdc hypertensives is a. the endo.hehal .eve! and that dysfunchon of vascular 

import, implicadons for .he pangenesis of hype— and myocardial 
ischemia. 

^^Totawestigate the issue of whether NO deficiency is a pri ^" ™ 

Lents who were matched for age and gender were compared. As shown m E.g. 
« te vasodilator responses .o memachohne were no. significantly dmeren, m 
wide and white normotensive paHen B . However, the response .0 sodnrm 
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hypertension, an observation that woul ^ 
secondary role in the Hack vascular diathests. These « " 

333:155-160 (1995); Cardillo et al, Hypertmsm 31.1235-1239 (199 

WT*H1999» To explore the relation between salt-sensmvity an 

Wood pressure response ,0 salt-loading and 8 ^ , 

to the development of hypertension. 

" ! effects of hypertension and race on conduit vesse! funcoon were 

i „„ 949-259(1996)) in 370 patients (178 black, ivzwrnrc; 
Berlin:S P ringer-Verlag, pp.249 259 (199 ) P ^ dUation or 

nitroglycerin-mediated dilation according to race. However, hyp 
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associated ^.^^^^^Bo^^^^ 
nitroglycerin-mediated dilation. Further, systolic blood pressure was aversely 
correlated with flow-mediated dilation (r = -0.30, P<0.001) and 

extent ^^1^ By^"-^^^ 
size and systolic blood pressure were the only independent predictors of 

rlLedduation.this 

patients with hypertension demonstrate a significant impainn t of NO 
conduit arteries (Gokce et al, Circulation, 99(25) 3234-3240 (1999)). 

T,y> 1; Conduit Vasomotor function By Race 



FMD (%) 

Normotensive 

Hypertensive 



NTG-response (%) 
Normotensive 
Hypertensive 



18.1 ± 8.1 
14.6 ± 6.2' 



20.6 ± 8.4 
16.4 ±7.1* 



Data are mean * SD. * p < 0-001 compared to race matched normotensive, 

Each of the above examples demonstrate that NO action is impaired in the 
^vasculature of black hypertensive patients to a greater extent than m wh,e 
Zrtensive patient, l^ere is a suggestion that this abnormality may precede the 
hype i V „ ,,„,„ ,„ „i t . se nsitive individuals, consistent 

development of hypertenston, particularly in salt sensm 

with a pathogenic role. In conduit vessels, a marked impairment of NO ^ 
.nay contribute to ischemic hear, disease and stroke has been ^ 
abnormal appears to be independent of race, a finding that is <" ™* 
possibility ma, the impairment is a consequence ofbfood pressure elevafion of any 
Ze sLAfricanAmencanshaveagrea,ermcidenceo,hype— anda 

Zndlnce of sal,-sensifive hyper,ension, mese findings lend further support ,0 
L hypomesis ,ha, NO insufficiency conttibu,. ,o me pangenesis o, ischemic 
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is hereby incorporated by reference herein in its entirety 

Although the invention has been set forth in detan, one dolled m the 
appreciate that numerous changes and modifications can be made to the mvention 
without departing from the spirit and scope thereof. 
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CLAIMS 

What is claimed is: 

1 A method of treating and/or preventing a vascular disease 
characterised by nitric oxide insufficiency in a panen, compnsing administering to 
the patten, a therapeutically effecnve amount of at .east one anhoxman,, or a 

'^Tetlofdaimf.wheremthevasculard.seasecharacter.edhy 
nitric oxide insufficiency is low-renin hypertension; salt-sensitive hypertension; low- 
renin, salt-sensiHve hypertension; primary pulmonary hypertenston; 
thromboembofic pulmonary hypertension; pregnancy-induced hypertenston; 
avascular hypertension; heart failure; microvascular cardiac tschemta; left 
ventricular hypertrophy with dispropordonate microvascular^ or dtastohc 
dysfunction. 



3. 



The method of claim 1, further comprising administering a 



andoxidant, or a pharmaceutical accept sal, thereof, or an an— enzyme. 

5 Thememodofclaim4,wheremmesrnaU.moleculeanhox,da„.«a 

hydralazine compound, a gfutathione, a vitanun C, a vitamin E, a cysteine a N- 
aLyf-cystetne, a Carotene, an ubioutnone, an ubiquinol-10, a tocopherol, a 

coenzyme Q, or a mixture thereof. 

6 The method of claim 4, wherein the antioxidant enzyme is a 
superoxide dismutase, a catalase, a glutathione peroxidase, or a mixture thereof . 

7 The method of claim 5, wherein the hydralazine compound is 
budralazine, cadralazine, dihydralazine, endralazine, hydralazine, pildralazine or 
todralazine or a pharmaceutical^ acceptable salt thereof. 

8. The method of claim 7, wherein the hydralazine compound is 

hydralazine hydrochloride. 

9 The method of claim 8, wherem the hydralazine hydrochloride is 

adriunisteredin^^ 
per day. 

' 10. The method of claim 1, wherein the isosorbide dinitrate is 
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adored in an amoun, of abou, 20 miUigrams per day .0 about 200 milligrams 

^ day il The method of data 1, wherem the isosorbide monomtrate is 
admintstered in an amount of abou. 10 milUgrams per day to abou, 120 milligrams 

^ The method of claim 1. wherein the a. feas, one anfioxidan, and me at 

,eas, one of isosorbide dinirrate and isosorbide mononitrate are 

13 The method of claim 12, wherein the a. least one anuoxman, and the a. 
,eas, one of isosorb.de dinitrale and isosorb.de monomtrate are oraUy administered 

in the form of a solid dose. 

H. The method of claim 13, wherein the solid dose is in the form of a 

tablet or capsule. 

15. The method of claim 14, wherein the capsule is in the form of a 

sustained release capsule 

16. The method of claim 14, wherein the tablet is in the form of a 

sub T lt !^ 



tablet. 



,8 The method of claim 1, wherein the a. least one antioxidant and the a. 
leas, one of isosorbide dinitrate and isosorbide mononiuate are admims.ered as 

components of the same composition. 

19 The method of claim 1, wherein the at least one anhox.dant and the a, 
leas, one of .sosorbide dinitra.e and isosorbide monomtrate are administered ,o me 

patient as separate components. 

20 The method of claim 19, wherein the at least one antioxidant and the at 
least one .sosorbide dinitrate and isosorbide mononitrate are administered to the 
patient as separate components at about the same time. 

21 The method of claim 1, wherein the at least one anhox.dant and the at 
least one of isosorbide dinitrate and isosorbide mononitrate are administered 

^T^eme^^ 

form of a sustained-release patch. A ni¥a u« 

23. The method of claim 1, further comprising administenng a digitalis. 

31 
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24 The method of claim 23, wherein the digitalis is digoxin 

25 The method of claim 24, wherein the digoxin is administered m an 
amounttoachieveablood serum concentration of at least about 0.7 nanograms per 
milliliter to about 2.0 nanograms per milliliter. 

26 The method of claim 1 further comprising admimstenng a 
therapeutically effective edema managing amount of a diuretic compound 

27 The method of claim 26, wherein the diuretic compound is a thiazide 
ethacrynic acid, a furosemide, a spiranolactone, a triamterene, or a mixture thereof. 

28. The method of claim 26, further comprising administering a 
therapeutically effective amount of potassium. 

29 The method of claim 28, wherein the potassium is administered m the 
form of potassium chloride or by the daily ingestion of foods with high potassium 

COnten 30 The method of claim 1, further comprising administering at least one 
nitrosated angiotensin-converting enzyme inhibitor, nitrosated beta-adrenergic 

bloc k er,nitrosated calcium ^^^"'^.^^^ 
nitrosated angiotensin II receptor antagonist, mtrosated ren^ 

^ 31 The method of claim 1, further comprising administering at least one 
compound used to treat cardiovascular diseases, or a pharamaceutically acceptable 

salt thereof. , , . 

32 The method of claim 31. wherein the a. least one compound used to 
treat cardiovascular diseases is an angiotenstn-converting enzyme inhibitor, a beta- 
adrenergic blocker, a cholesterol reducer, a calcium channel blocker, an angtotensm 
II receptor antagonist, an endothelin antagonist, a renin mhibitor, or a mrxture 

there °33 The method of claim 1, comprising administering to the patient a 
therapeutically effective amount of hydralazine hydrochloride and isosorbrde 

dinitrate. . 0 

34 The method of claim 1, comprising administering to the pahent a 

therapeutically effective amount of hydralazine hydrochloride and isosorbtde 

mononitrate. ■ • „ 

35. A method of treating Raynaud's syndrome in a patient comprising 
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antioxidant or a pharmaceutical* accept sal. .hereof, and a. leas, one 
isosorbidedinirrateandisosorbidemonomrrate. 

36 The method of claim 35, further comprising admmrstenng a 

T ^rilot^whereintheandoxidantisasmaf^ecufe 
antioxidant or a pharmaceutical* acceptab.e sal, .hereof, or an antioxidant enzyme. 

hydralazine compound, a ghriathione, a vfumfn C, a vitamin E, a cysteine a N- 
lyKysteine, a P-carofene, an ubiquinone, an ubfqufnoHO, a tocopherol, a 
coenzyme Q, or a mixture thereof. 

T 9 The method of claim 37. wherein the antioxtdan, enzyme » a 
superoxide dismutase. a caUiase, a glutamione peroxidase, or a mixture hereof. 

40 The method of claim 38, wherein the hydralaztne compound ,s 
bu dralazine, cadralazme. dihydralazine, endralazine, hydralazine, pildralazme or 

todralazine or a pharmaceudcally acceptable salt thereof. 

41, T hememodofdaim40,whereinthehydralazinecompound,s 

^^^^^^^ng.mepad.U 
therapeutically effecHve amount of hydralazine hydrochloride and isosorb.de 



dinitrate. 
43. 



43 The method of claim 35, comprising administering » <he patten, a 
therapeutically effective amount of hydralazine hydrochloride and isosorb.de 

25 "^T'Thememodofcla^ 

administered in an amount of abou. 20 milligrams per day ,0 abou. 200 nuUtgxams 

Perda « The method of claim 35, wherein the tsosorbide dinitrate is 
administered in an amoun. of abou. 20 milligrams per day .o abou. 200 milltgrams 

M ^^46 ThememodofclaimJS.whereinmeisosorbidemononiria.eis 

adnumLdmanamountofabou.lOm.lUgramsperdaytoabou.nOnull.grams 

per day. 
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• 47 Themed.odofclaimSS.whereta.hea.tos.oneantoxidan.and^a, 
,eas< one of isosorbide dinitrate and isosorbide mononitrate are adm.ms.ered 
^T^e^odofdai.^whe.e^e.ansde^appHca.onisin.be 

form of a sustained-release patch. 

49 The method of claim 35, wherein the a. least one anhoxrdan. and th 
feast one of isosorbide dinitrate and isosorbide mononitrate are administered o^ 
" The method of claim 49, wherein the oral administration ts m the form 

of a soUd dose^ ^ ^ ^ ^ ^ ^ ^ ^ ^ § ^ „ , apsule . 

52. The method of claim 50, wherein the capsule is a sustained-release 
^53. The me*od of claim 51, wherein the tablet is a sublingual table, or a 

* eW T bl Thememodof Calm3 5 , wherein the a. .east one andoxfdan, and me a, 
Um one of isosorbide dinitrate and isosorbide mononitrate are administered as 
components of the same composition. • ,„,,,„,< (heat 

55 The method of claim 35, wherein the a. leas, one anuoxrdan. and me a. 
teas, one of isosorbide dinimate and isosorbide mononitrate are adrninistered as 

pompon ^^^^^^^.dmims.ermsaUeas.on, 
ritr „sa.ed angiotensin-converung enayme inhibit mtrosated calcium channel 
blocker, ni.rosa.ed endottrelin antagonist, nitrosated angiotensm n receptor 
antagonist, nitrosated renin inhibitor, or a mixture thereof. 

57 Amemodoftteatmgand/orpreventingavasculard.sease 
characterized by nitric oxide insuffiaency m a padent comprismg administenng to 

converting enzyme inhibitor, nitrosated beta-adrenergic blocker, rutrosated calaum 

antagonist, nitrosated renin inhibitor, or a mixture thereof. 

58. The method of claim 57, further comprising administenng a 
pharmaceutically acceptable carrier. 

59. The method of claim 57, wherein the at leas, one rutrosated 
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angiotensin-converting enzyme inWb.tor, mnosated beta-adxenergic blocker 
nitrosated calcium channel blocker, nitrosated endothelin antagonist, ru.rosa.ed 
angiotensin n receptor antagonist, ni.rosa.ed renin inhibitor, or mixture thereof, are 
in the form of a pharmaceutical^ acceptable salt. 

60 The method of claim 57, wherein the at least one nrtrosateu 
angiotensin-converting enzyme inhibitor, nifrosated beta-adrenergic blocker 
nitrosated calcium channel blocker, nitrosated endothelin antagonist, nt.rosa.ed 
angiotensm II receptor antagonist, nitrosated renin inhibitor, or mixture thereof, are 
orally administered in the form of a solid dose. 

61. The method of claim 60, wherein the solid dose is in the form of a 



tablet or capsule 



62. 



The method of claim 61, wherein the capsule is in the form of a 



sustained release capsule 

63. The method of claim 61, wherein the tablet is in the form of a 

sublingual tablet . 

64. The method of claim 61, wherein the tablet is in the form of a chewable 

tablet. , 
65 The method of claim 57, wherein the at least one nitrosated 

angiotensin-converting enzyme inhibitor, nitrosated b.ta-adrenergic blocker 
niLtedcaldumchannelblocker.mtrosatedendomelman.agonist.mtrosated 

angiotensin U receptor antagonist, nitrosated renin inhibitor, or a mixhrre thereof, 

are administered transdermally. 

66. The method of claim 65, wherein the transdermal application is m the 

form of a sustained-release patch. 

67. The method of claim 57, further comprising administenng at least one 
antioxidant, or a pharmaceutically acceptable salt thereof. 

68 The method of claim 67, wherein the antioxidant is a small-molecule 
antioxidant, or a pharmaceutically acceptable salt thereof, or an antioxidant enzyme. 

69 The method of claim 68, wherein the small-molecule antioxidant is a 
hydralazine compound, a glutathione, a vitamin C, a vitamin E, a cysteine a N- 
acetyl-cysteine, a (J-carotene, an ubiquinone, an ubiquinol-10, a tocopherol, a 

coenzyme Q, or a mixture thereof. 

70. The method of claim 68, wherein the antioxidant enzyme is a 
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superoxide dismutase, a catalase, a glutathione peroxidase, or a mixture thereof. 

71 The method of claim 69, wherein the hydralazine compound is 
budralazine, cadralazine, dihydralazine, endralazine, hydralazine, pUdralazine or 
todralazine, or a pharmaceutical^ acceptable salt thereof. 

72. The method of claim 71, wherein the hydralazine compound is 

hydralazine hydrochloride. 

73 The method of claim 57, further comprising administering at least one 
compound used to treat cardiovascular diseases, or a pharmaceutical^ acceptable 

salt thereof. , 

74 The method of claim 73, wherein the at least one compound used to 
treat cardiovascular diseases is an angiotensin-converting enzyme inhibitor, a beta- 
adrenergic blocker, a cholesterol reducer, a calcium channel blocker, an angiotensm 
II receptor antagonist, an endothelin antagonist, a renin inhibitor, or a nuxture 

there0 75 A transdermal patch comprising a therapeutically effective amount of 
at least one antioxidant and at least one of isosorbide dinitrate and isosorbide 
mononitrate. 

76. The transdermal patch of claim 75, further comprising a 

pharmaceutically acceptable carrier. 

77 The transdermal patch of claim 75, wherein the antioxidant is a small- 
molecule antioxidant, or a pharmaceutically acceptable salt thereof, or an 

antioxidant enzyme. 

78 The transdermal patch of claim 77, wherein the small-molecule 
antioxidant is a hydralazine compound, a glutathione, a vitamin C, a vitamin E, a 
cysteine, a N-acetyl-cysteine, a (3-carotene, an ubiquinone, an ubiquinol-10, a 
tocopherol, a coenzyme a or a mixture thereof. 

79 The transdermal patch of claim 77, wherein the antioxidant enzyme is 

superoxidedismutase,cata^^ 

80 Tlietransdermalpatchofclaim78,whereintheatleastoneant 1 oxidant 

is a hydralazine compound or a pharmaceutically acceptable salt thereof. 

81. The transdermal patch of claim 80, wherein the at least one hydralazine 
compound is hydralazine hydrochloride. 

82. The transdermal patch of claim 81, wherein the hydralazine 
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hydrochloride is present in an amount of about 30 milligrams to about 300 

The transdermal patch of claim 75, wherein the isosorbide dinitrate is 
present in an amount of about 20 miuigrams per day to about 200 milUgrams per 

day " 84 The transdermal patch of claim 75, wherein the isosorbide mononitrate 
isadnninisteredm^ 

da 85. The transdermal patch of claim 75, wherein the transdermal patch is a 
sustained-release transdermal patch. 

86 The transdermal patch of claim 75, comprising a therapeutically 
effective amount of hydralazine hydrochloride and isosorbide dinitrate. 

87 The transdermal patch of claim 75, comprising a therapeutically 
effective amount of hydralazine hydrochloride and isosorbide mononitrate. 

88 The transdermal patch of claim 75, further comprising administering at 
least one nitrosated angiotensin-converting enzyme inhibitor, nitrosated i beta- 
adrenergic blocker, nitrosated calcium channel blocker, nitrosated endothehn 
antagonist and nitrosated angiotensin H receptor antagonist, nitrosated reran 
inhibitor, or a mixture thereof. 

89 A method of treating a vascular disease characterized by a rutnc o»de 
insufficiency in a patient comprising administering to the paden, the transdermal 
patch oWarmTS. ^ ^ ^ ^ ^ by 

niWcoxideinsufftdencyislow-ren^ 

renin, salt-sensitive hypertension; primary pulmonary hypertensron; 
thromboembolic pulmonary hypertension; pregnancy-induced hypertensron; 
renova^ular hypertension; hear, failure; microvascular cardiac ischemra; left 
venttcularhypernc.phywimd^ 

dysfunction. . 

91. A method of treating Raynaud's syndrome in a pauent composing 

administering to the patient the transdermal patch of claim 75. 
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